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[S7} ABSTRACT

A process for preparing a cured resin which comprises
curing a specific cyanic acid ester or its prepolymer
containing a triazine ring and having a molecular
weight of 400 to 6,000 in the presence of a specific
catalyst selected from imidazoles such as 2-methyl im-
idazole, 2-phenyl imidazole or 2-ethyl-4-methyl imid-
azole and imidazole adducts such as trimellitic acid
adducts of the above exemplified imidazoles.

4 Claims, No Drawings
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1

PROCESS FOR PREPARING CURED RESIN FROM
 CYANIC ACID ESTERS USING IMIDAZOLE
CATALYSTS

" FIELD OF THE INVENTION

Thrs invention relates to a.process for polymen?mg
cyanic acid esters and their prepolymers and more

specifically, to a catalyst for heat curmg cyamc ac1d
esters and their prepolymers |

BACKGROUND OF THE INVENTION

" A method has already been known to heat—curing a
'cyamc acid ester and/or its prepclymer using a catalyst

10

15

~ to obtain a cured resin. This resin exhibits superior

- mechanical and electrical properties at room tempera-

~ ture and elevated temperatures and can find various
,. applrcatlcns For example, it is 1mpregnated as a binder

in a base material made of cellulcsw fibers or glass
fibers, and the lmpregnated base material is used as a
laminated plate, or processed into press-formed arti-
cles. Moreover, this resin can be used as.an insulating
varnish for coils, or as molding materials.

In the conventional polymerization of cyamc acid
esters and/or their prepolymers to form cured prod-
ucts, various acids, bases, salts and phosphorus.com-
pounds are used in combination as catalysts. A combi-

‘nation of a metal salt of an organic acid such as zinc
" octoate, catechol and triethylene diamine has been in
frequent use as a suitable catalyst. However, triethyl-
~ ene diamine used as one ingredient of this catalyst has
~ acute toxicity such as the irritation to the skin. Coupled
- with its sublimable nature, the toxicity gives rise to the
) drsadvantage that triethylene diamine must be handled
with care. Its strong hygroscopicity also presents han-
dling difficulties. Moreover, a_varnish prepared by
‘blending the above catalyst with a ‘cyanic acid ester
‘and/or its prepolymer has poor storage stability. In

- other words, under pre-designed use conditions, trieth-

ylene diamine shortens the pot life of the varnish. Fur-
thermore, when triethylene diamine is used, the rate of
pclymerrzatlon of the cyanic acid ester or its prepoly-
‘mer is greatly affected by the temperature, and. drasti-

- cally changes according to even a slight change in tem-
perature. It s extremely difficult therefore to adjust the
B-stage of the curing of the varnish to the desired de-

gree. The properties of the cured resin are neither

 satisfactory, for example, by showing a degradation in
| prcpertles under a hygrcsccplc condition.

SUMMARY OF TI—IE INVENTION

~ Wehave extenswely made investigations about a new
catalyst system which would be able to lead to the

_elimination of the above defects ascribable to the use of -
tricthylene diamine as one lngredlent of catalysts for

‘polymerizing and curing cyanic acid esters and/or their
i prepolymers Fmally, WeE succeeded in providing a pro-
cess for curing cyanic acid esters and/or prepolymers
. thereof which is free from the defects of the conven-
tional techniques as a result cf using a Spec1ﬁc rmldaz-
ole and its derivative as a curmg catalyst.

Acccrdmgly, the present invention. provrdes a pro- ¢
- cess for polymerizing and curing cyanic. acid esters
_and/or their prepolymers using a specific 1m1dazole asa

~ catalyst.
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ester,
400 but up to 6,000 at most. Such prepolymers are

.2
DESCRIPTI.N OF THE INVENTION

In the prescnt mventrcn a cyamc acid ester and/c-r 1ts
prepclymer 1s used as a startlng materlal for producmg
a resin by curing.. Accordingly, the cyanic acid cster
and 1ts prepolymer will scmetlmes be referred to in this

application as *‘a resin precursor’’.
The cyamc acid ester that can be used as the resin

precurscr IS.a compound of the general formula.
| R-(—O — (. - N},,

wherein R is an aromatic nucleus-containing residue
which is sclected from the group consisting of a
residue derived from an aromatic hydrocarbon
selected from the group comsisting of benzene,
biphenyl and naphthalene, a residue derived from a
compound in which at least-two benzene rings are
bonded to each other by a bridging member se-
lected from the group consisting of |

wherein R, and R,, are the same or different and cach

represents a hydrcgen atom or an alkyl group con-
taining 1 to 4 carbon atoms,

O—, —CH,0CH,—, —$

- O=v=0
o==o

-y

and

and a residue resulting from the removal of a phe-
nolic hydroxyl group from a novolac type or resol-
type phenolic resin skeleton; said aromatic nucleus
is optionally substituted by a substituent selected
from the group consisting of alkyl groups contain-
ing 1 to 4 carbon atoms, alkoxy groups containing
1 to 4 carbon atoms, chlorine and bromine; »n is an
integer of 2 to 5; and the cyanate group is always

Ij “directly bonded to the aromatic nucleus.
The prepolymer of the cyamc actd ester which can be

used as the resin precurscr in'this invention is a poly-

mer containing a triazine ring which is prepared by the
trimerization of the cyanate group of the cyanic acid
nd has an average mclecular werght of at least

known per se, and can be prepared by pclymenzmg the
above cyanic acid esters in the presence of, as a cata-

lyst, an acid such as min eral acids or Lewis acrds a base

such as sodlum hydrcxrde sodium alcche]ate or a ter-
tiary amine, a salt such as sodium carbonate or lithium
chloride, or a phcsphcrus compcund such as trtbutyl

phcsphme
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Examples of the cyanic acid esters that can be used 1n
this invention are dicyanatobenzene, 4,4'-
dicyanatobiphenyl, 1,5 -dicyanato-naphthalene, bis(4-

cyanotophenyl)methane,  2,2-bis(4-cyanatophenyl)-
propane, 2,2-bi1s(3,5-dichlorc-4-cyanatophenyl)-
propane,2,2-bis(3,5-dibromo-4-cyanatophenyl) = pro-
pane, bis(4-cyanatophenyl)ether, bis(4-cyanoto-
phenyl)thiocther, bis(4-cyanatophenyl)sulfone, tris(4-
cyanatophenyl)phosphite, and tris(4-cyanatophenyl)-
phosphate. There can also be used cyanic acid csters

derived from phenolic resins having a structural unit of

the formuld

OCN

=<K

The imidazole used as a curing cstalyst in the process
of this invention is imidazole or its derivatives ex-
pressed by the following formula (1) |

By - ¢ - N

C C
R{ S g

M)

|

wherein R, is a hydrogen atom, an alkyl group con-
taining | to 5 carbon atoms, a benzyl group, a
cyanoalky! group containing an alkyl group with |
to 5 carbon atoms, an aminoalkyl group containing
] to 5 carbon atoms or a guanaminoalkyl group
containing an alkyl group with 1 to 2 carbon atoms,
the above alkyl groups being of linear or branched
chain; R, is a hydrogen atom, a linear or branched
chain alkyl group containing 1 to 20 carbon atoms,
a cyclohexyl group or a phenyl group; and R, and
R;, independently from each other, are a hydrogen
atom or a linear or branched chain alkyl group
containing 1 to 5 carbon atoms.

Imidazole adducts of the following formula (II)
fy =G -
C C
(H)
35/ Ny \RE
8y

wherein R,, R,, R, and R; are the same as defined In

formula (I), and R; represents an aromatic polycar-
boxylic acid, usually trimellitic acid, which forms

an adduct by addition to the imidazole.
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In the present appheatlon the imidazole or its deriva-

tives of formula (I) and the imidazole adducts of for-
mula (1) will herelnafter be genencally referred to as

‘““an imidazole” or “‘imidazoles”.

In the method of this invention, at least one of the
above compounds is used as a curing catalyst. Exam-
ples of suitable imidazoles are 2-methyl imidazole,
2-iso-propyl imidazole, 2-undecyl imidazole, 2-hep-
tadecyl imidazole, 2-phenyl imidazole, 2-ethyl-4-

methyl imidazole, 1-benzyl-2-methyl imidazole, 1-pro-
pyl-2-methyl imidazole, 1-cyanoethyl-2-methyl imidaz-

60

65

‘ethyl-2-undecyl 1imidazole;

184
4
ole, l-cyanoethyl-2-¢thyl-4-methyl imidazole, l-cyano-
- 1-cyanoethyl-2-phenyl- im-
tmidazole, - 1-
and trimellitic

idazole; . . l-amiopropyl-2-phenyl ;.
guanaminoethyl-2-methyl 1midazole,
acid adducts of these imidazoles.
According to the process of this invention usmg these
imidazoles as a curing catalyst, the handling difficulties
of the prior art can be overcome. Specifically, the imid-
azoles do not possess acute toxicity such as irritation to

‘the skin, and because of having no sublimability and

hygroscopicity, arc easy to handle. Furthermore, with
varnishes containing the imidazoles as a catalyst, the
cyanic acid ester and/or its prepolymer i1s not degener-
ated, and the varnishes have good storage stability and
a long pot life. The trimellitic acid-adducts of the imid- -
azoles are especially effective for prolonging the pot
life of the varnishes. Whilst the use of triethylene dia-

‘mine results in a prolonged cure time with longer stor-
ing periods, the use of imidazoles in accordance with -
this invention brings about the advantage that the cure

time is not-affected by the storage period. Virtually,
therefore, this results in the shortening of the cure time

~after storing the varnish for a long period of time, as

compared with the usc of triethylene diamine. In addi-
tion, since the temperature dependence of the catalytic
effect is reduced in the process of this invention, it is
extremely easy to control the polymerization and cur-
ing of the cyanic acid ester and/or its prepolymer. The
final cured resins, too, have an elevated decomposition
temperature and the freedom from deterioration of the
properties under a hygroscopic condition. |
The Imlddzoles can be used alone in the process of
this invention, but if desired, together with other cata-

lyst mgredlents for example, organic metal salts such

‘as zinc octoate, tin octoate, tetrabutyl ester of titanic

acid, zinc stearate, tin stearate or calcium stearate,
phenolic compounds such as phenol or catechol, above
all catechol, and triethylene diamine, either singly or in
combination. The preferred amount of the additional
catalyst ingredients.is 0.001 to 1 part by weight for the
organic metal salt, the phenolic compound, and trieth-
ylene diamine, respectively, all based on 100 parts by

- weight of the resin precursor of the. present invention.

The amount of the imidazole used in the process of
this invention can be varied according to the purpose.of

using the final cured product of the cyanic acid .ester

and/or its prepolymer: Moreover, it varies according to

whether the resin precursor is a cyanic acid ester

‘monomer, its prepolymer or a mixture of these, or

whether the imidazole is used alone or in combination
with additional ingredients. Accordingly, it 1s difficult

‘to determine a specific limit to the amount of the imid-

azoles used. One criterion for determing the amount of
the imidazoles in the process of this tnvention is to
select it in such a way that the gel time which relates to
the operability for pmduemg the desired product is
adjusted to the desired value. Generally, the imidazole

“is used in the process of this invention in an amount

eorrespendmg to at least about 0.005 part by welght

per 100 parts by weight (as solids) of the cyanic acid

ester and/or its prepolymer as the resin precursor. The
exact amount may be determined by taking all the
above factors into consideration. The upper limit of the
amount is not particularly critical. Generally, where the
final product is a shaped article, the imidazole is used in
a larger amount than in the case of preparing an im-
pregnating-varnish for preparation of laminated plates.
When the imidazoles are used alone, the amount will be
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larger than in the case of using a catalyst system con-
sisting of the imidazoles and additional ingredients.
Usually, it is preferred to adjust the amount of the
imidazole to 0.005 to 20 parts by weight per 100 parts
by weight of the cyanic ac:d ester and/cr 1ts prepolymer

as the resin precursor. |

In performing the process of this invention, the Cy-
anic acid ester and its prepolymer may be converted to
a cured resin in one step. Usually, however, it is desir-
able to employ a two-step procedure in which the resin
presursor is first converted to a semi-cured resin in the
B-stage, and then converted to a final cured resin. The
operating conditions in the semi-curing step vary ac-
cording to the amount of the catalyst used, but usually,

10

are selected so that a semi-cured B-stage resin is ob- 15

tained within 10 hours at a temperature of 80° to

120°C. The operating conditions in converting the B-
stage resin into a final cured resin are usually so se-

lected that the curing reaction will be completed in |
minute to 3 hours at a temperature of 140° to 220°C.

‘The operating conditions in curing the resin precur-
sor in one step may be so sclected that a final cured
resin will be obtained within 20 minutes to 20 hours at
a temperature of 170° to 250°C.

The curing process in accordance with this invention

can be applied not only to the cyanic acid ester and/or
its prepolymer as a resin precursor, but also to a mix-
ture of it with another thermosetting resin such as an

epoxy resin, unsaturated polyester resm phenollc resin

Or amino resin.
~ The followmg Examples illustrate the present inven-

tion.
EXAMPLE 1

Varnishes were prepared from a prepolymer derived

from 2,2-bis(4-cyanatophenyl)propane as a resin pre-
cursor (KU-6573, a tradename for a product of Bayer
AG which is a varnish prepared by using methyl cthyl
ketone as a solvent to a solids content of 70% by weight
and also contammg the above-said monomer) and each
of the curing catalysts indicated in Table 1 in accor-
dance with the recipes shown in Table 1. Changes with
time of the gel time of each of the vamlshes were exam-

ined by storing them at a temperature of 25°C. and a

relative humldlty of 60%. The results are. shown 1n
‘Table L. . | 3
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as a measure of the curability of the resin precursor
with the passage of the storing time becomes longer.
This means that in an operation of producing a cured
product, there is a deviation from the pre-designed

curing reaction conditions with longer periods of stor-

ing the varnish, and this deviation is undesirable for the
standardization of the curing operation. On the other
hand, when the imidazole is used in accordance with
this invention, the storage stablllty of the varnish 1s

cxcellent

- EXAMPLE 2

Zinc octoate (0.2 part by weight), 0.1 part by weight
of catechol and 0.08 part by weight of 2-e¢thyl-4-methyl
imidazole werc mixed with 143 parts by weight of a
varnish containing a prepolymer derived from. 2,2-
bis(4-cyanate phenyl)propane (same as that used -
Example 1) to prcpare an impregnating varnish (A).
An impreganating varnish (B) was prepared in the
same way as above except that 0.02 part by weight of
tricthylene diamine was used instead of 2-cthyl-4-
methyl imidazole. These varnishes were designed so
that they would have a gel time of about 200 seconds at
160°C. -

A glass cloth was lmpregnatcd with each of thc var-
nishes (A) and (B) and dried at 125° to 140°C. for 7
minutes in an attempt to prepare a prepreg having a gel

“time of about 100 seconds at 170°C. The impregnated

resin became a B-stage resin. The relation between the
drying temperature and the gel time of the resin in the |
prepreg is shown 1n Table 2. |

Table 2 -

Gel time (seconds) of the resin in

.- Drying tcm[l— the prepreg

crature (°C) - - Varnish (A) Varnish (B)
125 121 132
130 103 106
135 95 - 49
140 75 Gelled during
: drying of the
prepreg

“With the varnish (B) ccntaining tricthylene diamine,

the resin-impregnated glass cloth is required to be dried

‘under very limited temperature conditions in order to
- prepare a prepreg having a gel time of 100 scconds at

Table |
Types Varnish 1 Varnish I Varnish HI
| (Amnfiﬁte used in parts by
~ weight)
Resin R . |
Precursor -  KU-6573 | 100 (solids content)
o Zinc octoate -
- (8%Zn) 0.2
-- Catechol | 0.1
Catalyst . - = -
o - 2-Ethyl-4-methyl o S |
imidazole 0 0.075 0.04
. Triethylene S |
diamine 002 0 - 0.01
- Gel time Immediately after .' T | |
(seconds) = mixing 192 201 209
‘at 160°C 24 hours later 215 - 205 211
- . 48 hours later 235 - 210 211
72 hours later 246 o213 213
168 hours later 265 ... 218 215

170°C. In contrast, with the varnish (A) containing the
imidazole in accordance with this invention, the allow-

‘As can be seen from Table I, where the imidazole in
accordance wrth this inven tu:m lq not used the gel time
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. Table 4-continued - .

7
able drying temperature 1s within a wide range, and a
prcpreg of. glass cloth.can be prepared eablly and stably.

Pyromel-"~ |
' e N - “litic acid-
‘ \ D Amine e e ~adduct of
EXAMPLE 3 - - 5 component 2-Ethyl-4- [-cyano- x
. of catalyst® -~ methyl”  2-Heptadecyl  ethyl Tricthylenc
A prcpreg WS prepdred by lmpregndtmg 4 gl 1&;,(, Cl()th Amount imidazole tmidazole - imidazole diamine
_wnh the varnish used in Example 1. The prepreg was
oo | 20 42
laminated on a copper foil with a thickness of 35, and 002 1ss 380 i ‘l’fag
the assembly was hot presscd at 180°C. for 2 hoursand " gog 297 348 388 160
then at 190°C. for 2 hours to prepare a copper- -clad 10 882 2;: ::(2;3 B gg‘;‘ :;f |
laminate. The properties of the resulting laminate and 000 90 301 306 105
shown 1n Table 3 (the testing methods in accordance - 0.20 54 194" 221 —
. : LS ¥ b, —
Wlth JISC 6481 ). - . , (.50 54 o 73 9_....
' o Table 3
Propertics. Unit  Varnishl  Varnish I~ Varnish I
-~ Copper foil peel . o .
- off strength Kg/em 2.0 2.25 - 2.15
Solder heat o above above - above
Coreststance (260°C) seconds - 120 120 o120
Glass transition L S
temperature °C - 280 290 290
‘Wiiter absorption SR o T e
(D-48/50) - . .. Y 0.08% REETE § 1 O I A 0.07 .
DILILLH‘IL . | | o |
constunt (1" MHz) 4.0) 4.0 4.0
Insulation SR
oresistance ' B ¢ 3 X 104 2 x 10" 3 X 10
(D-2/100) | | o ’ |
Resistance to e - S L
" . thermal shock™ | Hr ] - 4
-Heat de-  In normal | o
_ 'Lomptmu state °C 317 325 321
o on . S
oo temper- After
ature treating
in a °C 298 - 314 310
boiling
water
*The “‘resistance to thermal shock™ was determined as follows: The laminate was treated in
hoiling water, and then dipped for 30 second tn o1l at 260°C. Then, the peel off between the
luminate lavers was examined. The result was shown by the boiling treatment time that passed
until the peel off occurred. |
It is seen from the results shown in Table 3 that by = EXAMPLE 5

using the imidazole instead of triethylene diamine, the

40 |
final cured resin have improved thermal properties

2 2- bis(4- cyanatophenyl)prOpane was dissolved in
methyl ethyl ketone to form a 60% by weight solution.

such as in respect of glass transition temperature and

heat decompos:tlon temperature, and also there 1s an
improvement in resistance to the deterioration of prop-

its resistance to thermal shock and heat decomposmon
temperature. "

EXAMPLE 4

100 Parts by weight (as solids content of resin) of the
same prepolymer varnish derived from 2,2-bis(4-
cyanatophenyl)propane as used in Example 1 were
mixed with 0.2 part by weight of zinc octoate, 0.1 part

by weight of catechol and each of the immdazoles or '

tricthylene diamine shown in Table 4 1n the amount
indicated. Changes with period of the gel time of the
resulting varnishes at 160°C. were examined. The re-

sults are shown in Table 4. Since the effect of an n-
crease in the amount of the imidazoles on the gel time
is caused only slowly, the gel time of the varnish can be
easily adjusted, and the operability 1s good.

Table 4
Pyromel-
hitic acid-
Amine adduct of
component 2-Ethyl-4- l-cyano- |
of catalyst methyl 2-Heptadecyt ethyl Triethylenc
Amount - imidazole imidazole imidazole | diamine
(Parts.by - (seconds) - (seconds) (seconds) (seconds)

weight)

50

35

60

erties under hygroscc}plc condition as represented by 45°

10 parts by weight; per 100 parts by weight of the
above cyanate, of 2-ethyl-4-methyl imidazole was

added to the solution. The gel time of the resultmg

-varnish at 170°C. was measured, and found to be 153

seconds. When the catalyst was not added, the gel time
was more than 700 Seconds

EXAMPLE 6

100 Parts by weig'ht of a cyanic acid ester containing

~as’a skeleton a novolac-type phenolic resin having a

number average molecular weight .of 600 were uni-
formly mixed with 0.35 part by weight of 2-methyl
imidazole, and the gel time of the mixture at 160°C.
was measured and found to be 635 seconds. When the
2-methyl imidazole catalyst was not used the gel time
was 340 seconds.

The above mixture was charged mto a press-molding
die, and molded for 3 minutes at 150°C. and 100
Kg/cm?. The molded article was after-cured at 200°C.
for 2 hours. The cured molded article had a glass transi-
tion temperature of 300°C.

- What we claim is:

1. In the process for preparing a cured resin which

~ comprises curing a resin precursor in the presence of a

catalyst, wherein said resin' precursor is at least one
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member selected from the group consisting of cyanic
acid esters of the following formula

R-{O — C == N)n

wherein R is an aromatic nucleus-containing residue
which 1s selected from the group consisting of a
residue derived from an aromatic hydrocarbon

selected from the group consisting of benzene,

biphenyl and naphthalene, a residue derived from a
compound in which at least two benzene rings are
bonded to each other by a bridging member se-
lected from the group consisting of

R
|

R,

wherein R, and R, are the same or different and each
represents a hydrogen atom or an alkyl group con-
taining 1 to 4 carbon atoms,

0O—, —CH,OCH,—, —S—,

— =0

O=
O—w
| r— ("0

and

o

QO
O—
Q

and a residue resulting from the removal of a phe-
nolic hydroxyl group from a novolac-type or resol-

type phenolic resin skeleton; said aromatic nucleus
is optionally substituted by a substituent selected

from the group consisting of alkyl groups contain-
ing 1 to 4 carbon atoms, alkoxy groups containing
| to 4 carbon atoms, chlorine and bromine; n; is an
integer of 2 to 5; and the cyanate group 1s always
directly bonded to the aromatic nucleus,

and prepolymers of the said cyanic acid esters which

have a triazine ring and an average molecular weight of

400 to 6,000, and are formed by trimerizing the cya-

10
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10

nate group of the cyanic acid esters, the improvement
which is characterized in that as said curing catalyst is
used at least one compound selected from the group
consisting of imidazoles of the following formula (1)

R_r-f — N
|l

C C
SN /N
| (1)
R .' |

L

wherein R, is a hydrogen atom, an alkyl group con-
taining 1 to 5 carbon atoms, a benzyl group, a
cyanoalkyl group containing an alkyl group with 1
to S carbon atoms, an aminoalkyl group containing
| to 5 carbon atoms or a guanaminoalkyl group
containing an alkyl group with 1 to 2 carbon atoms,
the above alkyl groups being of linear or branched
chain; R, is a hydrogen atom, a linear or branched
chain alkyl group containing 1 to 20 carbon atoms,
a cyclohexyl group or a phenyl group; and R, and
R;, independently from each other, arc a hydrogen
atom or a linear or branched chain alkyl group
containing 1 to 5 carbon atoms, |

and imidazole adducts of the following formula

(I1)

wherein R,, R, R, and R; are the same as defined with
regard to formula (I), and R; represents an aro-
matic polycarboxylic acid which forms an adduct

‘ by addition to the 1imidazole. _ )

2. The process of claim 1 wherein the amount of said
curing catalyst is at least 0.005 part by weight per 100
parts by weight of said resin precursor.

3. The process of claim 1 wherein said adduct 1s
formed in combination with trimellitic acid.

4. The process of claim 1 wherein said curing catalyst
is a mixture of said at least one imidazole compound
and at least one member selected from the group con-
sisting of organic metal salts, phenolic compounds and

triethylene diamine.
* oK * ® S
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